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Abstract: Bacliground: High-resolution computed tomography (HRCT) has allowed in detection of airway wall 
abnormalities and emphysema, whose extent may correlate with the clinical severity of the disease in patients with chronic 
obstructive pulmonary disease (COPD). Six minute walk test (6MWT) and cardiopulmonary exercise test (CPET) can 
determine functional status. 

Methods: A study was undertaken to investigate whether the extent of emphysema in COPD patients quantitatively 
confirmed by HRCT scoring was associated with distance walked, inspiratory capacity (IC) changes after exercise, 
anaerobic threshold of cardiopulmonary exercise and the BODE index (body mass index, airflow obstruction, dyspnea, 
exercise performance). 

Results: Seventeen patients with COPD underwent HRCT scanning, 6MWT and CPET. The emphysema score was highly 
correlated to forced vital capacity (FVC) (r=-0.748, p<0.001), forced expiratory volume in 1 second (FEVl) (r=-0.615, 
p<0.01), IC post exercise (r=-0.663, p<0.01) and dyspnea score post exercise (r=0.609, p<0.01), but was not associated 
with the BODE index. The distance walked during 6MWT was inversely correlated to emphysema score (r=-0.557, 
p<0.05). IC before exercise was highly related to the 6MWT. The change in IC after exercise was associated with the 
percent decline of oxygen saturation after exercise (r=0.633, p<0.01). Severity of lung emphysema in COPD patients was 
inversely correlated to VO2 max (r=-0.514, p<0.05) and anaerobic threshold (r=-0.595, p<0.01) of cardiopulmonary 
exercise. 

Conclusions :T\iQSQ results suggest that COPD associated with emphysema on HRCT is characterized by more severe lung 
function impairment, greater exercise impairment and cardiopulmonary dysfunction. 

Keywords: Chronic obstructive pulmonary disease, High-resolution computed tomography, Six-minute walk test, 
cardiopulmonary exercise test. Inspiratory capacity. 



INTRODUCTION 

Chronic obstructive pulmonary disease (COPD), 
characterized by airflow limitation associated with partial 
reversible to bronchodilators [1], is a growing global 
epidemic problem [2]. Pulmonary function tests offer a 
convenient tool for earlier screening of disease, and 
assessing the progression of lung disease [3]. Several 
anatomic lesions of COPD, including peribronchiolar 
fibrosis and pulmonary emphysema, may contribute to fixed 
airflow limitation [4]. Due to its heterogeneous etiology [5], 
various tests has been developed to identify patients with 
high risk for early disease progression. Currently, 
quantitative analysis of high resolution commuted 
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tomography (HRCT) scans provides an objective measure of the 
extent and/or severity of emphysema [6, 7]. The extent of 
involvement on CT study correlates with the lung function [8, 
9]. Visual assessment of HRCT scans via Visual HRCT-score 
could be used as the noninvasive "gold standard" to assess 
severity and extent of emphysematous destruction [10]. 

In COPD, pulmonary function impairment is associated 
with multiple manifestations of functional limitation among 
patients [3]. Assessment of exercise capacity allows one to 
determine the severity of disease and its changes with time 
or treatment [11, 12] and is important in the management of 
patients with COPD. Both Peak Oxygen Uptake (peak VO2), 
from cardiopulmonary exercise testing (CPET) and the 
distance walked during a six-minute walk test (6 MWT) are 
used for following the natural history of various diseases, 
and for assessing the response to therapeutic interventions 
[13]. 6MWT, a submaximal exercise test, represent a useful 
marker for exercise capacity and dynamic hyperinflation of 
COPD patients [14, 15]. CPET, while highly related to 
maximal oxygen consumption (Vo2max), is used for 
evaluation of the severity of the disease and the degree of 
disability of COPD patients [16, 17]. 
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However, it is still unclear whether there are direct links 
between exercise capacity and anatomical changes in 
patients with COPD. We therefore performed a prospective 
study to examine the relationships between the extent of 
emphysema (as measured by HRCT), airflow obstruction (as 
measured on spirometry) and exercise capacity (as measured 
by 6 minute walk test and CPET) in COPD patients. We 
hypothesized that a greater extent of HRCT-defined 
emphysema and more severe airflow obstruction would be 
associated with walking distance, changes in inspiratory 
capacity (IC) after exercise, and anaerobic threshold of 
cardiopulmonary exercise. We also hypothesized that these 
relationships would be linear across a spectrum from normal 
lung structure and function to severe emphysema and airflow 
obstruction. 

MATERIALS AND METHODS 
Subjects 

Seventeen patients with COPD were recruited from July 
2008 to July 2010 and were selected on the following 
criteria: age 60 to 80 years, non-smoker or cigarette smoking 
10 pack years, absence of any pathology possibly interfering 
with the ability to perform exercises, and willingness to 
undergo study-related testing that included spirometry, 
HRCT scan of the chest, and respiratory questionnaire. 
Seventeen patients (aged 73.5 ±5.7 years; BMI: 22.3 ±3.5 
Kg/m^) diagnosed to be COPD according to Global Initiative 
for Chronic Obstructive Lung Disease criteria [1] were 
included in this study. These patients were clinically stable 
without baseline oxygen desaturation, increased wheezing, 
cough, dyspnea or sputum over the previous 3 months. The 
project was approved by the Human Research Ethics 
Committees of Chang Gung Memorial Hospital. Informed 
consent was obtained from all subjects. 

Six Minute Walk Test (6MWT) 

Patients were instructed to walk back and forth at their 
own pace in a 35 m corridor. A physiotherapist supervised 
the test through the course, telling the patient the remaining 
exercise time every 2 min. Dyspnea during the test was 
evaluated with the modified Borg dyspnea score. Pulmonary 
function test, inspiratory capacity, and dyspnea score, 
together with the walking distance were recorded before and 
after walking. Heart rate and oxygen saturation were 
monitored during the whole procedure. 

Cardiopulmonary Exercise Test (CPET) 

Each patient underwent a physician- supervised standard 
incremental cycle ergometer CPET until the symptom- 
limited maximum. Work rate were increased by 5 or 1 0 W 
per min after initially 1 min pedalling at 0 W for 
approximately 1 0 min. Measurements as breath-by-breath 
ventilation, O2 and CO2 concentrations, derived minute 
ventilation, VO2 and VCO2 were determined by the 
Cardiopulmonary Exercise System "CPX/D". The oxygen 
pulse was calculated by dividing VO2 by heart rate. 
Anaerobic threshold was detected using the V-slope method 
using computerized regression analysis of the slopes of the 
CO2 uptake (VCO2) O2 uptake (VO2) plot, which detects 
the beginning of the excess CO2 output generated from the 
buffering of [H^]. Maximum voluntary ventilation (MVV) 
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was estimated from the forced expiratory volume in 1 s 
(FEVi) by the equation: FEVi x 40 L/min. 

Score of High Resolution Computed Tomography 
(HRCT) 

Visual assessment of HRCT scans has been widely used 
as the noninvasive "gold standard" in the calculation of 
sensitivity and specificity of routine lung function 
parameters and assessment of the severity and extent of 
emphysematous destruction [10]. The majority of studies 
have shown reasonably good correlations between CT 
emphysema scores and pathological specimen, a good 
agreement between expert readers for the assessment of the 
presence and extent of emphysema, and good correlations 
between subjective and objective assessment of emphysema 
[10, 18, 19]. Pulmonary emphysema was visually assessed 
by an expert chest radiologist unaware of the clinical and 
lung function data. The quantitative evaluation of 
emphysema was obtained by visual score technique 
according to Sakai and colleagues [20]. 

CT scans were performed on a GE SYTEC 3000 scanner 
(3 s, 160 mAs, and 120 kVp) without infusion of contrast 
medium. The patients held breath at full inspiration by using 
1-mmcollimation (HRCT) scan. Hardcopy images were 
photographed using window settings appropriate for the 
lungs (level: -500 to -700 HU; width: 1,000 to 1,500 HU). 
On three HRCT slices (at the level of the carina, 5 cm above 
and 5 cm below carina) the lung parenchyma was assessed 
for two aspects of emphysema: severity and extent [10, 20]. 
The three levels were graded and scored separately for the 
left and right lung, giving a total of six lung fields. Severity 
was graded on a 4-point scale: 0, no emphysema; 1, low 
HRCT attenuation areas <5 mm in diameter with or without 
vascular pruning; 2, circumscribed low HRCT attenuation 
areas >5 mm in diameter in addition to those <5 mm in 
diameter (vascular pruning is present, but with normal lung 
intervening); 3, diffuse low attenuation areas without 
intervening normal lung or confluent larger low attenuation 
areas with vascular pruning and distortion of the branching 
pattern of the lung, occupying all or almost all of the 
involved parenchyma. The extent of emphysema using the 
direct observation method was on a 4-point scale. The same 
six lung fields were used and the extent score was 1, 25% of 
the lung field involved; 2, 25 to 50% involvement; 3, 50 to 
75% involvement; 4, 75 to 100% involvement. The final 
emphysema score of each lung field= severity times extent. 
The sum of total score in both lung field is from 0 to 72. 

Statistics 

Data are presented as means ± SD. The SPSS 14.0 
software package was used for statistical analyses, and a 
value of p < 0.05 was considered significant. Pearson 
correlation analyses were used to determine the correlations 
between HRCT emphysema score, 6MWT and CPET data. 

RESULTS 

Subject Characteristics 

1 7 COPD male patients among different GOLD stage (I- 
IV) were recruited in this study. Baseline smoking status, 
lung function tests, BMI, 6MW test and CPET test 
measurements are listed in Table 1. 
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Table 1. Characteristics of COPD Patients 



Sex, M/F 


17/0 


Age, yr 


73.5 ±5.7 (61-79) 


BMI 


22.3± .5 (16.8-30.5) 


Smoker/ever-smoker/Nonsmoker 


5/12/0 


GOLD Stage (I/II/III/IV) 


1/6/6/4 


FVC,L 


1.7 + 0.1 


FVC, % predicted 


54.5 ± 13.2 


FEV1,L 


0.9 + 0.1 


FEV1,% predicted 


43.1 ± 16.2 


FEVl/FVC 


52.6 ±9.9 


BODE Index 


4.1 ±1.6 (0-7) 


6MWT 




Distance, m 


380.6 ±51.9 (272-468) 


Baseline dyspnea Borg score 


1 (0-3) 


Post-exercise Dyspnea Borg Score 


4.9 (3-8) 


Baseline IC, L 


1.15 ±0.37 


Post-exercise IC, L 


1.16±0.35 


Sa02 


95.4 ± 1.6 


HRCT Emphysema Score 


17.1 ±14.9 (2-51) 


0-10 


8 


11-20 


4 


21-30 


3 


>30 


2 


CPET 




AT (Aerobic Threshold), ml/kg/min 


4.6 ± 1.9 


AT VO2, ml/min 


621.1 ±120.0 


AT VCO2, ml/min 


595.1 ±110.0 


V02max, ml/min 


757.1 ± 168.8 



Abbreviations: GOLD: Global initiative for lung disease; FVC: forced vital capacity; 
FEVl: Forced expiratory volume in 1 sec; L: liter; SaOa: Saturation of oxygen; BODE: 
the body-mass index (B), the degree of airflow obstruction (O) and functional dyspnea 
(D), and exercise capacity (E). 



HRCT Emphysema Score 

HRCT was performed for all patients. Emphysema scores 
were calculated from HRCT to assess individual's 
emphysema severity and extent. Patient's emphysema score 
was measured and summarized as Table 2. 

Correlation Between HRCT Emphysema Score and 
6MWT 

To investigate the correlations between lung function 
with emphysema burden, lung function measurements 
include FVC, % predicted value of FVC, FEVl, % predicted 
value of FEVl, Inspiratory capacity, ERV/IC, O2 saturation, 
Borg Scale, are recorded both pre- and post- exercise during 
the 6 minute walk test (Table 2). FVC (pre- and post- 
exercise), % predicted value of FVC (pre- and post- 
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exercise), FEVl (pre- and post- exercise), % predicted value 
of FEVl (pre- and post- exercise), IC (pre- and post- 
exercise), and post-exercise oxygen saturation were 
negatively associated with emphysema score (Table 2). 
ERV/IC (pre- and post-exercise), and post-exercise Borg 
scale were positively correlated with the emphysema score 
(Table 3). The walking distance in 6MWT was negatively 
associated with HRCT emphysema score (Fig. lA), 
positively correlated with pre-exercise IC (Fig. IB), and 
positively related to % predicted value of pre-exercise FEVl 
(Fig. IC). It means that walking performance is related to 
anatomical and airflow limitation. The change in IC after 
exercise directly correlates with post-exercise desaturation 
(Fig. 2), which also correlates with HRCT emphysema score 
(Table 3). 

Correlations Between HRCT Emphysema Score and 
CPET 

CPET was performed in all patients. The patients' 
parameters are presented in Table 4. HRCT emphysema 
score was correlated with CPET measurements. The results 
demonstrated that FVC (Pre- and Post- exercise), % 
predicted value of FVC (pre- and post- exercise), FEVl (Pre- 
and Post-exercise), % predicted value of FEVl (pre- and 
post- exercise), IC (Pre- and Post-exercise), AT and VO2 
max are inversely correlated with emphysema score and % 
positively correlated to % predicted value of FEVl before 
exercise (Fig. 3); while pre-exercise HR and Borg scale are 
positively associated with the score (Table 5). 

DISCUSSION 

We investigated whether the extent of emphysema in 
COPD patients quantitatively confirmed by HRCT scoring 
was associated with distance walked, change in inspiratory 
capacity (IC) after exercise measured by 6MWT, and 
anaerobic threshold measured by CPET. Patients with 
different severities of COPD based on GOLD criteria were 
included. The lung emphysema score were measured by 
HRCT. There were correlations between FVC, FEVl, IC, 
and post-exercise oxygen saturation both in the 6MWT and 
CPET study. This study has clarified which measures of 
pulmonary function from 6MWT and CPET can be used to 
assess the extent of emphysema, and which ones correlate 
best with HRCT scan results. 

COPD is a disease associated with several systemic 
manifestations [21], resulting in impaired functional 
capacity, worsening dyspnea, and increased mortality [22]. 
Pulmonary rehabilitation remains the gold treatment for 
COPD patients and results in improved exercise tolerance 
and well-being [23]. To access the functional exercise 
tolerance and effects of pulmonary rehabilitation program, 
6MWT can be used as follow up in terms of the changes of 
walking distance [24]. The walking distance in 6MWT was 
negatively associated with HRCT emphysema score (Fig. 
lA), positively correlated with pre-exercise IC and % 
predicted value of FEVl (Fig. IB, C). This implies that the 
anatomical limitation of lung structure which results in 
dynamic collapse and ventilation/perfusion problem may 
affect the general walking performance. Analysis of factors 
related to inspiratory capacity, we demonstrated that change 
in IC after exercise directly correlates with post-exercise 
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Table 2. HRCT Emphysema Scores and 6 Minute Walk Test 
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HRCT 


6MWT 


Patient 


Stage 


Emphysema 
Score 


Distance, 
m 


Pre- 
FVC 
L 


Post- 
FVC 
L 


Pre- 
FEVl 
L 


Post- 
FEVl 
L 


Pre- 
Borg 
Scale 


Post- 
Borg 
Scale 


Pre- 
IC, 
L 


Post- 
IC, 
L 


Delta- 
ic 


Pre- 
SaOi, 
% 


Post- 

SaOi, 
% 


BOD 

E 


1 


IV 


1 A 


424 


1.78 


1.65 


0.53 


0.61 


2 


5 


1.61 


1.14 


-0.47 


94 


82 


6 


2 


IV 


J 1 


272 


0.98 


0.90 


0.64 


0.56 


0 


8 


0.86 


0.82 


-0.04 


94 


82 


3 


3 


III 


1 o 


396 


1.61 


1.81 


0.74 


0.84 


0 


4 


0.86 


1.01 


0.15 


96 


91 


5 


4 


II 


A 


384 


1.78 


1.74 


1.00 


1.03 


2 


7 


0.91 


0.92 


0.01 


97 


87 


5 


5 


II 


Z J 


364 


1.95 


1.76 


1.18 


1.19 


2 


5 


1.66 


1.6 


-0.06 


95 


80 


3 


6 


II 


Q 
O 


363 


1.94 


1.98 


1.16 


1.18 


2 


4 


1.06 


0.91 


-0.15 


95 


90 


3 


7 


III 




356 


1.32 


1.31 


0.66 


0.72 


0 


5 


0.84 


0.85 


0.01 


92 


74 


6 


8 


II 


o 


468 


2.01 


2.15 


1.18 


1.31 


0 


3 


1.64 


1.41 


-0.23 


98 


82 


3 


9 


III 


zu 


342 


1.49 


1.37 


0.84 


0.87 


0 


7 


1.29 


1.26 


-0.03 


95 


69 


4 


10 


III 


z 


424 


2.28 


2.26 


1.01 


1.03 


0 


5 


1.58 


1.7 


0.12 


95 


89 


4 


11 


IV 


29 


304 


1.25 


1.22 


0.54 


0.55 


3 


7 


0.54 


0.67 


0.13 


97 


92 


7 


12 


I 


4 


456 


2.70 


2.89 


1.78 


1.82 


0 


3 


1.67 


1.85 


0.18 


98 


94 


0 


13 


II 


9 


372 


1.80 


1.92 


0.90 


1.08 


0 


4 


1 


0.85 


-0.15 


95 


83 


4 


14 


IV 


50 


410 


1.20 


1.11 


0.50 


0.51 


2 


6 


0.85 


0.81 


-0.04 


96 


70 


5 


15 


III 


5 


432 


1.39 


1.47 


0.90 


0.96 


0 


4 


1.07 


1.37 


0.3 


94 


89 


3 


16 


II 


7 


360 


1.90 


1.81 


1.03 


0.98 


0 


4 


1.31 


1.45 


0.14 


97 


95 


4 


17 


III 


16 


342 


1.63 


1.51 


0.89 


0.83 


0 


3 


0.79 


1.02 


0.23 


94 


90 


4 



Abbreviations: HRCT: High resolution computed tomography; Pre-: Pre-exercise; Post-: post-exercise; 6MWT: 6 minute walk test. FVC: Forced vital capacity; FEVl: Forced 
expiratory volume second 1; IC: Inspiratory capacity; BODE score: Body mass index (B), Degree of airflow obstruction (O), Functional dyspnea (D), and Exercise capacity (E). 
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n=17, r=-0.557, p<0.05 
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u 

c 

B 

w 
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Emphysema score of HRCT 
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n=17, r=0.616, p<0.01 
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Inspiratory Capacity before exercise, L 



n=17, r=0.551, p<0.05 



20 40 60 80 100 

Predicted value of FEVl before exercise, % 



Fig. (1). Walking distance by 6 minute walk test (6MWT) is correlated to the emphysema score of high-resolution computed tomography 
(HRCT) (A), the inspiratory capacity (B) and % predicted value of FEVl (C) before exercise. The number and significance are indicated. 
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desaturation (Fig. 2), which also correlates with HRCT 
emphysema score (Table 3), further demonstrating the 
possibly impact of anatomical limitations which resulting in 
V/Q mismatch. 



Table 3. Correlation Between HRCT Emphysema Score and 
Lung Function in 6 Minute Walk Test 



0.5- 
0.4- 
0.3- 
0.2- 
0.1- 
O.OH 
-0.1' 
-0.2- 
■0.3H 
-0.4. 



10 20 30 

Decline of O2 saturation after exercise, % 

Fig. (2). The change in inspiratory capacity (IC) after exercise 
directly correlates with the extent of post-exercise oxygen 
desaturation. The number and significance are indicated. 

Compared to 6MWT, CPET adds advantages to 6MWT 
in prescriptions in pulmonary rehabilitation based on 
percentage of maximal workload and the anaerobic threshold 
[17]. The correlations between measures of CPET and 
HRCT emphysema score show similar trends in pulmonary 
function, Borg scale, and pre-exercise desaturation (Table 5) 
as compared to 6MWT. Furthermore, V02Max (Fig. 3A), 



Emphysema Score Correlated to 


NO. 


R 


P Value 


FVC, L (pre-exercise) 


17 


-0.748 


0.0006 


FVC, % predicted (pre-exercise) 


17 


-0.742 


0.0006 


FVC, L (post-exercise) 


17 


-0.764 


0.0004 


FVC, % predicted (post-exercise) 


17 


-0.755- 


0.0005 


FEVl, L (pre-exercise) 


17 


-0.615 


0.0086 


FEVl, % predicted (pre-exercise) 


17 


-0.562 


0.0190 


FEVl, L (post-exercise) 


17 


-0.674 


0.0030 


FEVl, % predicted (post-exercise) 


17 


-0.614 


0.0087 


Inspiratory capacity, L (pre-exercise) 


17 


-0.562 


0.0189 


Inspiratory capacity, L (post-exercise) 


17 


-0.663 


U.UU3o 


ERV/IC, % (pre-exercise) 


17 


0.642 


0.0054 


ERV/IC, % (post-exercise) 


17 


0.503 


0.0396 


02 saturation, % (post-exercise) 


17 


-0.530 


0.0287 


Borg scale, (post-exercise) 


17 


0.609 


0.0094 


BODE score 


17 


0.285 


0.2674 



Abbreviations: FVC: Forced vital capacity; FEVl: Forced expiratory volume second 1; 
ERV: Expiratory reserve volume; IC: Inspiratory capacity; BODE score: Body mass 
index (B), Degree of airflow obstruction (O), Functional dyspnea (D), and Exercise 
capacity (E). 
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Fig. (3). V02Max (A) and anaerobic threshold (AT) (B) measured by CPET correlate with the emphysema score of high-resolution 
computed tomography (HRCT) and % predicted value of EEVl (C and D). The number and significance are indicated. 
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Table 4. Characteristic of HRCT Emphysema Scores and CPET Measurements 
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Patient 


Emphysema 
Score 


Pre- 
FVC 
L 


Post- 
FVC 
L 


Pre- 
FEVl 
L 


Post- 
FEVl 
L 


Pre- 
SaOi 


Post- 
SaOi 


III 


Post- 
Borg 
Scale 


Pre- 
HR 


Post- 
HR 


AT 
ml/kg/ 
min 


AT 
VO2, 
ml/min 


AT 
VCO2, 
ml/min 


VO2 max, 
ml/min 


\ 


14 


1 82 


1 92 


0 59 


0 65 


92 


87 


2 


7 


SQ 


1 09 

iUZ 




S80 

JoU 


s^o 


70'^ 

IK) J 


2 


51 


1 73 


1 89 


0 76 


0 87 


95 


81 


2 


4 


1 01 
iUi 


1 

i Jo 


9 8"^ 

Z.O J 


401 


jy 1 


SI 8 

J i 0 


3 


18 


2 17 


2 30 


0 95 


1 06 


95 


95 


0 


4 


1 o 


1 01 
iUi 


4 26 


494 




0 J / 


4 


4 


2 32 


2 19 


1 34 


1 43 


96 


95 


0 


4 


Q1 




^ 9<^ 


S99 

JZZ 


4QQ 

^yy 


<^1 9 
0 iZ 


J 




i .J / 


1 9S 
i .Z J 


1 09 
i .uz 


1 01 
i .Ui 




so 


0 




1 09 
iUZ 


1 A'X 


^ 48 




f^OI 


810 
0 iU 


o 


c 
o 


9 47 
z.^ / 


9 ^9 
z.jz 






QS 


yj 


0 




QO 

y\j 


1 08 
iUo 


f> 01 
O.Ui 


ozo 


^90 

ozu 


789 

/ oZ 


7 
/ 




1 f^'X 
i .Oj 


1 79 
i . /z 


U.Oo 


U.o i 


yj 




0 


J 


yO 


1 4^ 


07 
J.y / 


<^09 

ouz 


^^4 


747 


g 




2 65 


2 61 


1 36 


1 42 


95 


91 


0 


3 


oo 


1 9<^ 

iZO 


J.jy 


708 

/Uo 


<^71 
0 / i 


IQA 
1 y'-r 


9 


20 


1 79 


1 88 


0 90 


1 05 


97 


93 


2 


4 


QO 

y\j 


1 

i jy 


4 ^7 


ojy 


ooz 
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Abbreviations: FVC: Forced vital capacity; FEVl: Forced expiratory volume second 1; ERV: Expiratory reserve volume; IC: Inspiratory capacity; HR: Heart rate; AT: Anaerobic 
threshold; min: minute. 



anaerobic threshold (AT) (Fig. 3B) measured by CPET 
correlates with the score (Fig. 3). Interestingly, the post- 
exercise desaturation in CPET (Table 5) is positively 
associated with the score, while 6MWT was not, implying 
that the effect of exercise intensity may affect the measures 
over physiologic parameters among two tests. 

Tables. Correlation Between Emphysema Score and 
Measurement in CPET 



Emphysema Score Correlated to 


NO. 


R 


P Value 


FVC, L (pre-exercise) 


17 


-0.491 


0.0455 


FVC, % predicted (pre-exercise) 


17 


-0.402 


0.1096 


FVC, L (post-exercise) 


17 


-0.553 


0.0213 


FVC, % predicted (post-exercise) 


17 


-0.463 


0.0616 


FEVl, L (pre-exercise) 


17 


-0.573 


0.0162 


FVC, % predicted (pre-exercise) 


17 


-0.484 


0.0492 


FEVl, L (post-exercise) 


17 


-0.627 


0.0070 


FVC, % predicted (pre-exercise) 


17 


-0.516 


0.0340 


Inspiratory capacity, L (pre-exercise) 


17 


-0.538 


0.026 


Inspiratory capacity, L (post-exercise) 


17 


-0.368 


0.1612 


AT, ml/kg/min 


17 


-0.595 


0.0118 


AT-VO2, ml/min 


17 


-0.566 


0.0179 


AT-VCO2, ml/min 


17 


-0.555 


0.0207 


VO2 max, ml/min 


17 


-0.514 


0.0350 


O2 saturation, % (post-exercise) 


17 


-0.584 


0.0138 


HR, bpm, (pre-exercise) 


17 


0.550 


0.0223 


Borg scale, (pre-exercise) 


17 


0.541 


0.025 


Borg scale, (post-exercise) 


17 


0.2051 


0.4296 



Abbreviations: FVC: Forced vital capacity; FEVl: Forced expiratory volume second 1; 
ERV: Expiratory reserve volume; IC: Inspiratory capacity; HR: Heart rate; AT: 
Anaerobic threshold; VO2 max: maximal oxygen consumption; min: minute. 



The BODE index, which integrates body mass index, 
airflow limitation (forced expiratory volume in one second), 
dyspnea and 6-min walk distance, predicts the mortality of 
COPD, and could be improved by pulmonary rehabilitation 
[25, 26]. We found no associations between BODE index 
and the HRCT emphysema score, which reflects its dynamic 
variations in nature, or possibly due to limitations of the 
HRCT score which does not include the degree of airway 
obstruction and quality of life [27]. 

To study the morphologic damage in COPD, HRCT is 
widely used and can help to differentiate between 
emphysema-predominant and airway-predominant disease or 
both, which is crucial for determining the appropriate 
management strategy [9, 28]. Both qualitative (subjective) 
and quantitative (objective) methods have been described to 
assess emphysema by CT scanning [29]. The objective 
method of measuring the relative lung area occupied by 
pixels with attenuation coefficients (CT numbers) below a 
predetermined threshold, is preferable as it can measure the 
extent of macroscopic emphysema more precisely and in an 
unbiased way. We have also evaluated visually the size and 
extent of lung areas affected by emphysema. The 
correlations between HRCT emphysema visual score and 
pulmonary function parameters imply that the subjective 
visual score can be used as an initial evaluation of 
emphysema severity. 

The hmitation of this study is the relatively small 
numbers of patients that includes only 17 patients with 
COPD. The results may lead to some analytic bias. A larger 
longitudinal study to include smokers, females, COPD with 
different severity, and regular follow-up of the patients at 
fixed intervals may help to identify patient with phenotypes 
presenting with earher disease progression and poor 
prognosis clinically. 
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CONCLUSION 

In conclusion, our study supports the notion that COPD 
associated with higher extent of emphysema on HRCT, is 
characterized by more severe lung function impairment, 
more exercise impairment and cardiopulmonary dysfunction. 
The HRCT emphysema visual scale can be used as an initial 
parameter for identify patients with high risk for COPD 
patients with disability. 
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